Bragg gratings fabricated in a photonic crystal fiber can function as extremely sensitive, temperature-independent strain sensors.
. Scanning electron microscope image of the cross-section of a highly birefringent microstructured fiber (HB MSF) with a detailed view of the air-hole region.
show that MSFs can be used for various photonics applications, such as supercontinuum generation, 4 fiber lasers, 5 dispersion compensation, 6 as well as for sensing. 7, 8 By properly aligning and spacing the air holes, the value of the pressure sensitivity K P in highly-birefringent (HB) MSFs can be increased nearly an order of magnitude in comparison to traditional HB fibers, and the value of the temperature sensitivity K T can be shifted to zero at desired wavelengths. 9, 10 Our approach combines the mechanical sensing properties and temperature independency of MSFs with the sensitivity of fiber Bragg gratings. One recently reported dual-mode HB MSF is characterized by very high, controllable birefringence of the second order mode. 2 As the maxima of the second order mode are closer to the hollow region of the fiber, they are subjected to higher strain distributions. This increases the polarimetric strain sensitivity of the second order mode to 4.94 10 4 rad/(strain m) at 1.55 m, compared to 3 10 2 rad/(strain m) for the fundamental mode. Further, since birefringence is introduced Continued on next page by air-holes instead of materials with different temperature coefficients, the dedicated fiber design keeps the polarimetric temperature sensitivity low for both propagated modes-5.8 10 2 rad/(K m) for fundamental and 4.3 10 1 rad/(K m) for the second-order mode.
More recently, we created FBGs in HB MSFs (see Figure 1 ) characterized by few-mode propagation. 11 In birefringent fibers, unpolarized light yields two Bragg peaks ( B1 and B2 /, one for each orthogonally polarized mode. The peak separation is proportional to the phase modal birefringence. In few-mode HB fibers, each propagated mode is represented by such a dual-peak Bragg reflection. Figure 2 shows a typical spectral characteristic of one of our FBG samples. The temperature-independent strain response of such structures can be measured as the change of Bragg-peak-separation (phase modal birefringence) of a particular mode.
In practical applications, the measured signal can be transmitted to, from, and between the sensors by standard telecom SMF28 (Corning) fiber spliced to the measurement MSF. Furthermore, the proposed FBG-based sensor can be easily combined and multiplexed in multiple arrays, which allows the use of standard off-the-shelf components and interrogation units. We plan to test practical sensor applications in complex industrial environments with the goal of developing and commercializing the sensor technology. 
